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© Carbonylatlon process and catalyst composition. 

f™t P H™ e t Ca *° ny,ation of an olefinically or acetylenically unsaturated compound with carbon 

Zprislng" Pr6SenCe 3 nUC,e ° phi,l ' C COm ^ ^ * ^vable hydrogen atom anS a catalyst system 
a) a source of palladium, 

2h a ^K , 2 e .° f TT', ,0rr ? U ' a PR,R2R3 ' Wherei " R1 ' R2 and R3 independently represent an optionally 
substituted alkyl. cycloalkyl, aryl or N-heterocyclic group, and M»ww»y 

c) a source of anions being the conjugated base of an acid having a pKa < 3 
catalvsf svstem TJH ""T X My te * mu, «-P has * **** taction medium, and that the 
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The invention relates to a process for the carbonylation of olefinicaJly or acetylenically unsaturated 
compounds, and more in particular to such a process conducted in the presence of a nucleophilic 
compound having one or more removable hydrogen atoms, and a palladium catalyst, and to certain catalyst 
compositions particularly suited to said process. 

Processes for the carbonylation of olefinically unsaturated compounds, hereinafter referred to as olefins 
or of acetylenically unsaturated compounds, hereinafter referred to as acetylenes, with carbon monoxide in 
the presence of a nucleophilic compound containing one or more removable hydrogen atoms such as for 
instance an alcohol or a carboxylic acid, and a palladium catalyst are known, and have been described e q 
in EP 0055875. 0106379. 0168876 and 0186228. as are the products which may be prepared by such a 
process. Generally such processes are conducted by introducing the various reactants into the reactor and 
allowing the reaction to proceed under the desired reaction conditions. With some of these processes the 
presence in the reaction medium of a suitable solvent was found to have a beneficial effect eg by 
promoting the solubility and/or miscibility of the reactants and/or by reducing the viscosity of the reaction 
medium; the desirability for a solvent to be present as well as the nature of such a solvent being largely 
is determined by the nature of the reactants. 

Sometimes the reaction medium of such a process comprises two immiscible liquid phases This can 
for instance be the case with the preparation of the full esters of polyhydric alcohols via the carbonylation of 
olefins in the presence of such a polyhydric alcohol, as the latter are frequently solid compounds having a 
high melting point and moreover do not dissolve readily or at all in the olefin reactant. Such polyhydric 
alcohols may then be employed as a solution in a highly polar solvent, which solutions generally result in 
the formation of a two-phase liquid reaction medium with the olefin reactant. Another example of immiscible 
reactants. is the use of a very polar liquid reactant. such as a polyethylene glycol or water, which would 
normally result in a two-phase medium when combined with most of the olefins or acetylenes. On the other 
hand it is also possible that the two-phase liquid reaction medium has been intentionally created This 
would for instance be the case when a liquid compound wherein only one the reactants will dissolve is 
added to the reaction medium, this non-mutual solvent being present to facilitate the catalyst retrieval at the 
end of the reaction. The nature of said solvent being governed by the nature of the catalyst system as well 
as by that of the reaction product. 

It has been observed that the presence of a two-phase liquid reaction medium in a process as 
30 described hereinbefore, could however result in a reduction of the reaction rate as well as in the degree of 
conversion, and occasionally in hardly any reaction at all. 

In UK Patent Application GB 2 023 589 A a process has been described for the continuous preparation 
of the full esters of mono- or polypentaerythritol via the carbonylation of olefins having at least 4 carbon 
atoms, in the presence of such a polyhydric alcohol and a cobalt-based catalyst, and wherein the formation 
of an inhomogeneous reaction medium can be avoided by a phased addition of the olefin reactant i e 
.n.tially adding only a part of the olefin reactant to the reactor together with all the polyol and catalyst 'and 
subsequently adding the residual amount of olefin to a middle section of the reactor. 

A general disadvantage of said carbonylation process is the use of a cobalt carbonyl catalyst which 
catalyst is generally known to have a lower activity and selectivity than a palladium-based catalyst as 
40 described e.g. in EP 0106379. and will moreover require more severe reaction conditions, i.e. higher 
temperatures and/or pressures. A further disadvantage envisaged is, that the relative amounts of olefinic 
material to be mtroduced at the beginning and in the middle section of the reactor will vary strongly with the 
molecular weight of the olefin and the nature of the polyhydric alcohol, and will thus have to be determined 
separately for each combination of reactants. Finally it does not solve the problem when the two-phase 
45 liquid reaction medium has been created intentionally. 

The problem underlying the present invention is developing a process for the carbonylation of olefins or 
acetylenes in the presence of a nucleophilic compound having one or more removable hydrogen atoms 
wherein the combination of said reactants or the presence of one or more selected solvents results in the 
formation of a reaction medium having > 1 liquid phase, hereinafter referred to as multi-phase reaction 
so medium and which process does not suffer from one or more of the disadvantages as mentioned 
hereinbefore. 

As a result of extensive research and experimentation a process was developed which enables the 
carbonylation of olefins or acetylenes with carbon monoxide in the presence of an organic nucleophilic 
compound having one or more removable hydrogen atoms, in a multi-phase liquid reaction medium by 
55 employing a palladium-based catalyst system which includes selected organic anions. 

The invention thus provides a process for the carbonylation of an olefinically or acetylenically 
unsaturated compound with carbon monoxide in the presence of a nucleophilic compound having a 
removable hydrogen atom and a catalyst system comprising 
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a) a source of palladium, 

b) a phosphine of general formula PR'RW. wherein R\ R* and R* independently represent an optionally 
substituted alkyl. cycloalkyl, aryl or N-heterocyclic group, and 

c) a source of anions being the conjugated base of an acid having a pKa < 3, 

wherein the reaction medium at least initially is a multi-phase liquid reaction medium, and that the catalyst 
system comprises a component b) or c) having an amphiphatjc structure. 

In the context of the present invention the term "the reaction medium is at least initially a multi-phase 
liquid reaction medium" refers to a reaction medium which is at least a multi-phase liquid reaction medium 
at the beginning of the reaction and during the early stages thereof. The term "amphiphatic structure" 
means that such molecules are composed of groups of opposing solubility tendencies, typically an oil- 
soluble hydrocarbon chain and a water-soluble ionic group. 

The source of palladium (catalyst component a) preferably is constituted by cationic compounds such 
as for example the salts of palladium with, for instance, nitric acid, sulphuric acid or alkanecarboxylic acids 
having not more than 12 carbon atoms. Salts of hydrohalogenic acids may. in principle, be used as well but 
they have the drawback that the halogen ion may have a corrosive effect. Moreover, palladium complexes 
may also be used, for instance palladium acetylacetonate. tetrakis(triphenylphosphine)-palladium. bis(tri-o- 
tolylphosph.ne)palladium acetate or bis(triphenylphosphine)palladium sulphate. Metallic palladium may be 
used if the catalyst composition comprises an acid component. Palladium acetate is a preferred palladium 
compound for the catalyst composition of the present invention to fcfe based upon. 

The groups R\ R* and R* of the phosphine of general formula PR'RW (catalyst component b) each 
represent an optionally substituted alkyl. cycloalkyl, aryl or N-heterocyclic group. In general such alkyl 
groups will have up to 20 carbon atoms, any cycloalkyl groups will have from 5-7 carbon atoms in the rinq 
structure and any aryl group will have up to 18 carbon atoms in the ring structure. Conveniently any aryl 
group may be an anthryl. naphthyl or. which is preferred, a phenyl group. The heterocyclic ring may be a 
single heterocyclic ring or may be a part of an optionally substituted larger, condensed ring structure as 
exemplified by pyridyl. pyrazinyl, quinolyl, isoquinolyl. pyrimidyl. pyridazinyl. indolizinyl. cinnolinyl. acridinyl 
group? Phenanthridinyl ' Pnenanthrolinyl. phthalazinyl. naphthyridinyl, quinoxalinyl and quinazolinyi 

Typical examples of such phosphines include trialkylphosphines such as triethylphosphine and tributyl- 
phosphine. tr.cycloalkylphosphines such as tricyclohexylphosphine. triarylphosphines such as triphenvl- 

SS'^h- P T haVi "? ^ he,eroc y clic rinos suc " a * tri-(2-pyridyl)pho S phine. and mixed alkyl- 
(aryl) P hosph,nes such as ethyldiphenylphosphine and diethylphenylphosphine, as well as phosphines 
containing alky and/or aryl groups in addition to one or more heterocyclic rings, such as (2-pyridyl)- 
diphenylphosphine and methyl-di(2-pyridyl)phosphine. pynuyij- 
Another group of suitable phosphines are phosphines of formula PR'RW wherein R3 represents a 
chain o carbon atoms ending with the group -PFVFP. in which R* and R* each represent an optionally 
substituted alkyl. cycloalkyl. aryl or N-heterocyclic group. Preferably. R< and R* are equal to R° and R* 
respectively. The chain of carbon atoms suitably comprises 2 to 6 carbon atoms, and preferably 2 or 3 

MnhT fT S ' „ Tf S ° f th6Se bis P nos P hine "9ands include 1 ,2-bis(diphenylphos P hino)ethane. 1 .2-bis- 
(diphenylphosphino)ethene and 1.3-bis(diphenylphosphino)propane 

When the groups R' R* and R3 are substituted groups, they may carry one or more substituents such 
2ZT mP 9S o T* a!M ' aryl> aIk0xy ' acyl ' Whalomethyl. cyanodialkylamino. sulphonate and 
SSnTT SUt>StitUted phos P hines are triphenylphosphines carrying one or more 

£SSI2L P T r. UPS ■ Ex * mp,es of suitable substituted phenylphosphines include tritoly.phosphine. 
tris(o-methoxyphenyl)phosphine. tris(p-chlorophenyl)phosphine. and tris(m-chlorophenyl)phosphine 
am ^ he h P , h0Sp , hine com P° nent ° of the catalyst system may constitute the catalyst component having an 
amphiphatic structure. ,n accordance with the invention, in which case it has a group R< R* or R3 
substituted with an ionic group providing water-solubility tendency to the otherwise oil-soluble phosphine 
.gand. Preferred ionic substituents are sulphonic, phosphonic. phosphinic and carboxylic acid groups and 
heir salts. More preferred substituents are sulphonic acid groups or the alkali metal or ammonium salts 
thereof, sodium sulphonate type substituents being especially preferred 

i„r.,^ amP c te H- 0 ' P re [ e " ea / ,ar y^ os P^ herein one or more of groups R carry a specified substituent 
include sodium 4-(d,phenylphosphino)ben 2 enesulphonate. phenyl-bis-(sodium 4-sulphonatophenyl)- 
phosphine^ Examples of preferred alkyl(diaryl)phosphines include sodium 2-(diphenylphosphino)-ethane S ur 
phonateand sodium 3-(d,phenylpho S phino)propanesulphonate. These substituted phosphines can be ob- 
tained by processes as described in EP-A-280380. 

The source of anions (catalyst component c) can be any compound or system which is capable of 
generating anions of the type as required. Preferably the source of anions is the acid of which the anions 
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are the conjugated base, or a salt of said acid. Preferred salts are alkali or alkaline earth metal salts. Should 
the an.on source be an acid, then said acid can simultaneously act as an acid promoter for the catalyst 
system. 7 

Acids having a pKa < 3 ((measured in water at 18 -Q and providing anions in the catalyst 
compositions for use in the process of the invention preferably have a non-coordinating anion, by which is 
meant that little or no co-valent interaction takes place between the palladium and the anion Typical 
examples of such anions are PF£ , SbF£ , BF 4 and C10 4 . 

Acids preferably used are. for instance, sulphonic acids and those acids that can be formed, possibly in 
situ, by interaction of a Lewis acid such as. for example. BF 3 . AsFs. SbFs. PF*. TaFs or NbFs with a 
Bransted acid such as, for example, a hydrohalogenic acid, in particular HF. phosphoric acid or sulphuric 
acid. Specific examples of the last-named type of acids are fluorosilicic acid. HBF*. HPF 6 and HSbF 6 
Typical sulphonic acids that can be used are fluorosulphonic acid, chlorosulphonic acid, p-toluenesulphonic 
acid and trifluoromethanesulphonic acid; the last two acids being preferred. 

The anion component c of the catalyst system may constitute the catalyst component having an 
amphiphatic structure in accordance with the invention, in which case it comprises a hydrophobic moiety 
Priding oil-solubility tendency to the otherwise water-soluble anion. More particularly, the anion may have 
a hydrocarbyl moiety being free of olefinic and or acetylenic unsaturate and containing at least 10 carbon 
atoms. Preferred types of acids of which the anions, as described hereinbefore are amphiphatic are 
selected from the group of acids consisting of sulphonic acids, phosphonic and phosphinic acids; sulphonic 
20 acids being especially preferred. 

Very suitable sulphonic acids having at least 10 carbon atoms include alkylsulphonic acids, especially 
linear alkylsulphonic acids, alkarylsulphonic acids such as alkylbenzenesulphonic acids, alkyltoluenesul- 
phonic adds alkylxylenesulphonic acids > hydroxyalkylsulphonic acids e.g. or /J-hydroxyalkylsul- 

25 Sulphonic acids as mentioned hereinbefore are readily available in the form of the corresponding 
su phonates, and especially the alkali metal sulphonate. as such compounds are well known for their 
detergent properties. Frequently such sulphonates occur as a mixture of isomers and/or a mixture of 
compounds having a slight variation in the number of carbon atoms per molecule. With latter type of 
sulphonates it is desirable that the average number of carbon atoms per anion is at least 10 and preferably 

so at toast 15. In v.ew of its availability as a single compound, sodium 4-octadecyl-p-xylenesulphonate is a 
preferred sodium sulphonate for use as anion source in the process of the present invention. An example of 
a suitable mixed sulphonic acid is a 4-(C 12 . 15 alkyl)-p-x y lenesulphonic acid. It was mentioned hereinbefore 
iir P Tl 3 ^ 38 ani ° n S ° UrCe ' that responding acid may be obtained therefrom by 
interaction with the acid promoter, for which it is preferred that the pK, of the acid promoter S the pKa of the 

35 acid on which said salt is based. 

r O mLT e ,K mb0d J men V° f th !. invention - the cata| y st system comprises both an amphiphatic phosphine 
component b. such as phenyl-b.s-(sodium 4-sulphonatophen y i)phosphine and an amphiphatic anion compo- 
nent c, such as sodium 4-octadecyl-p-xylenesulphonate. 

nnt ^ q , Ua D ity 0< palladium com PO""d. as used as catalyst component in the process of the invention, is 
no critical. Preference is given to the use of quantities in the range between 10-5 and 10~' gram atom 
palladium per mol of olefinically or acetylenically unsaturated compound. 

In general the amount of phosphine ligand to be employed in the catalyst composition for use in the 
process of the present invention is not critical and may vary over wide ranges, which ranges may 
b \? ' at ! d rt t0 the typa ° f P h0S P hine "9and. For example, diphosphines will generally be 
o™ * h 3 qU K a H 7 °K 5 " 10 ° m °' 9ram at ° m ° f Pal,adium ' P*o«phlnes containing heterocyclic 
nIZ k * here,nbefore wi » a* 1 ™*"* be employed in a quantity of 2-500 mol per gram atom of 
n 3 ad ' Um ' ^K reaS ^"y'P" 05 *^* 5 « Preferably used in a quantity of at least 5 mol per gram atom of 

SttZZZtttt may convenienUy be emp,oyed in a quantily in the ran9e o?from °- 5 - 50 

hvHr^?K r° eS f ° f the .P. resen, invention rt is Purred that the anions, in particular the anions having a 
hydrocarbyl mo,ety containing at least 10 carbon atoms, are present in an amount which corresponds with I 
2 eq. of anion per gram atom of palladium. 

nnn ^JFT** aCCOrd j n9 to the invention acids ™y °« used as promoters, in particular acids having a 
non-co-ordinating anion, by which is meant that little or no co-valent interaction takes place between ?he 
pal.ad,um and the anion. Typical examples of such anions are PFe . SbF 6 ,BF 4 and C10 4 andTe ftTrther 
anions mentioned hereinbefore in connection with the anion component c of the catalyst system 

S im,Ln™ ? C,a f ° f aC ' dS f ° r ° Se ' n ,hS Pr0C6SS ° f present invention "° ^se which can 
simultaneously act as promoter and as anion source. Hence the anion of such acids may have a 
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hydrocarbyl moiety containing at least 10 carbon atoms and preferably at least 15. and constitute the 
amphiphatic catalyst component in accordance with the invention. Acids meeting these requirements have 
been discussed and exemplified hereinbefore. When employing such an acid which can act as promoter 
and as anion source, the presence of a separate anion source in the present process is not essential. With 
the process of the present invention it is preferred that the acid promoter is present in and amount which 
corresponds with > 2 equivalents H per gram atom of palladium. 

The olefinically or acetylenically unsaturated compound may be an unsubstituted or substituted linear 
branched or cyclic compound preferably having 2-30. and in particular 2-20. carbon atoms and preferably 1- 
3 double respectively triple bonds. The unsaturated compounds may be substituted, for instance with one 
or more halogen atoms or cyano. ester, alkoxy. hydroxy, carboxy or aryl groups. If the substituents are not 
men under the react.on conditions, the carbonylation reaction may be accompanied with other reactions 
Examples of suitable olefinic compounds are ethene. propene. butene-1. butene-2. isobutene. cyclopen- 
tenes the isomeric pentenes. hexenes. octenes and dodecenes. 1 .5-cyclooctadiene. cyclododecene 15 9- 
cyclododecauiene. allyl alcohol, methyl acrylate. ethyl acrylate. methyl methacrylate. acrylonitri'le. ' ac- 
rylam.de. N.N-d.methyl acrylamide, vinyl chloride, allyl chloride, acrolein, oleic acid, methyl allyl ether and 
styrene. Examples of suitable acetylenes include propyne, 1-butyne. 2-butyne. 1-pentyne. 1-hexyne 1- 
anScyclohe^^^^^ 4-propy.-2-pentyne. 1-nonyne. pheny.ethyne 

The nudeophilic type reactants having one or more removable hydrogen atoms include water mono- 
and polyhydr.c alcohols, such as for example mono- and polypentaerythritol. 1.1.1-trimethylolethane 111- 
tnmethylolpropane. hydroquinone. pyrogallol. ethylene glycol and polyethylene glycol, as well as mono- 'or 
polycarboxyhc acids i.e. aliphatic, cycloaliphatic or aromatic carboxylic acids having e.g. up to 20 carbon 
atoms and optionally carrying one or more inert substituents such as for example halogen atoms and 
cyano. ester, alkoxy and aryl groups. Examples of suitable mono- or polycarboxylic acids include formic 
acid, acet.c acid, propionic acid, n-butyric acid, isobutyric acid, pivalic acid, valeric acid, hexanoic acid 
octano.c acd, nonanoic acid, decanoic acid, dodecanoic acid , hexadecanoic acid, octadecanoic acid 
", Z °l C < a ^' °"' m " 3nd P-P"" 13 " 0 acid and °-- m - p-toluic acid, adipic acid, glutaric acid and sebacic 
acd. A further group of potentially suitable nudeophilic compounds of the type as described hereinbefore 
include compounds such as hydroxysulphonates and primary and secondary amines 

Data regarding the combination of olefins or acetylenes and nudeophilic reactants which will result in a 
mulf-phase liquid reaction medium, under the conditions required for conducting the carbonylation in the 
process of the present invention, may be obtained from the technical literature, in so far not already known 
by those sk.l ed in the act. It will be appreciated that not only the nature of the olefin and alcohol reactant 
per se but also the ratio wherein they are to be employed, may be decisive for the formation of a multi- 
35 phase liquid reaction medium. 

When employing a nudeophilic reactant, having a relatively high melting point and which does not 

Snf 1" ! r6aC !f?' SUCh 33 f ° r examp ' e 3 mon °- and Polypentaerythritol. 1.1.1-trimethylolethane. 
hydroquinone and pyrogallol. said compound may be employed as a solution. Suitable solvents which may 

Jlh^l 0 ^ 7 prepara « on of sucn so,utio "s '"elude sulfolane. dimethyl sulphoxide and diisopropyl 
sulphone It ,s also possible that the phase containing the olefin or acetylene reactant may contain a solvent 

of s^Z,'o e r diluent 9 V ' SC0S ' ty there0, • "'** " 9enera " y * Wocarbon type 

It was mentioned hereinbefore that the multi-phase liquid readion medium should at least be present in 
n™nS y k 903 J!? . reaction ' as " is conceivable that the mufti-phase liquid reaction medium will 
gradually be converted ,nto a single-phase liquid reaction medium as the reaction progresses and the 

Sol 12 P h ".k inCreaSeS ' thUS enabHn9 thS reaCti0n t0 ,orther P rocead in a homogeneous liquid 
react or , medium, and ,n the presence of the catalyst system as described hereinbefore 

™r 0Ut W !f hfn ? 10 be ^° Und bY any ,he0ry * is be,ieved ** an im POrtant feature of the process of the 
n^b^T K e r ' ° ?1 Pr t SenC ° in the C3talySt SyStems of a ^Pniphatic components as specified 
hereinbefore. It is behoved that the observed, reduction in reaction rate, when conducting the carbonylation 

ltonh s i ii°; r rrr s H w,th c- *°? monoxide in a ^ ^ See 0 " 

nucleophihc eactant and a conventional carbonylation catalyst according to the prior art. is related to a non- 

^J^^SSTS '* ^ K ata ' ySt SySt9m ^ P- d -fnant.y present in £TSSjS 
ss ^InnlT 9 P i^ 8 '' Wne " em P |o y in 9 a system which includes an amphiphatic 

hvZnhnhll an r: C , S ^ aCtant Component - such as an anionical.y substituted phosphine and/or 
hydrophobcally substituted anion source as specified hereinbefore, the presence of said amphiphatic 
components will result ,n the catalyst system being preferentially orientated at the interface of me phases 
thereby mcreas.ng the reaction rate. Simultaneously the relatively high concentration of cata.yst Tthe 
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interface may also have a beneficial influence on the local miscibility of the phases 

It can furthermore be expected, when the multi-phase liquid reaction medium has been converted to a 
sing e-phase or homogeneous liquid reaction medium, that the reaction will proceed as if a conventional 
cataJystsystem had been present, i.e. one which does not include a specific phosphine or anion source as 
5 described hereinbefore. In fact the catalyst systems as described hereinbefore may conveniently be also 
employed in a carbonylation process which is conducted in a homogeneous liquid reaction medium 

In the process according to the invention the carbon monoxide may be used pure or diluted with an 
inert gas. such as nitrogen, noble gases or carbon dioxide. Generally the presence of more than 10 %v of 
hydrogen ,s undesirable, since under the reaction conditions it may cause hydrogenation of the olefinic 
w compound Generally preference is given to use to carbon monoxide or a carbon monoxide-containing gas 
which contains less that 5 %v of hydrogen. " 9 

KoJ" 6 ^"^ on according to the invention is preferably carried out at a temperature in the range 
between 50 and 200 • C. ,n particular between 75 and 150 • C. The overall pressure preferably lies between 
1 and 100. in particular 20 and 75 bar gauge. 

»s The process according to the present invention may be carried out batchwise. continuously or semi- 
continuously. 

Catalyst systems comprising a palladium compound, a phosphine of general formula PR'RW, wherein 
' *"J R independently represent an optionally substituted alkyl, cycloalkyl. aryl or N-heterocyclic 
group, and a source of anions having a hydrocarbyl moiety being free of olefinic and or acetylenic 
unsaturate and containing at least 10 carbon atoms, and being the conjugated base of an acid havinq a 
pKa < 3. as described hereinbefore, are novel. 

A further novel catalyst system provided by the invention is based on a palladium compound a 
phosphine of general formula PR'R 2 R 3 , wherein R'. R 2 and R3 independently represent an optionally 
substituted alkyl. cycloalkyl. aryl or N-heterocyclic group, at least one of which carries a substituem 
selected from the group consisting of sulphonic. phosphonic. phosphinic and carboxylic acid groups or a 
salt thereof, and a source of anions having a hydrocarbyl moiety being free of olefinic and or acetylenic 
unsaturate and containing at least 10 carbon atoms, and being the conjugated base of an acid having a 

The novel catalyst systems may further comprise an acid promoter. 

Although a wide range of products may be prepared by the process of the present invention, the nature 
of said products will be closely related to the nature of the reactants. For example, when employing water a 
hydroxy compound, a carboxylic acid or an amine as the nucleophilic reactant. the reaction product will 
contain respectively an acid, an ester, an anhydride or an amine moiety, which moieties will furthermore be 
«Slnv er .'i V . f presence of an -0-olefinically unsaturated group when the coreactant is an ac- 
etylen cally unsaturated compound. This olefinically unsaturated group will be absent when the coreactant is 
an olefinically unsaturated compound. 

the SOLITI ?r° dU< f W "' • n0, K 0ly b6 9 ° Verned bY m& *<» 0f reactant but also bv the functionality of 
h * m °K fa A° Where ' n th6y m em P ] °y^- Th * functionality of the nucleophilic reactant is 
EST h Y tn9 t r mber . 0 ' h y dr °9 en atoms wn *n can be removed under the conditions of the present 

b7£ ^umbTof f ° h * * 0,efiniCa " y ° r aCetyleniCaMy crated compound is determined 
oy the number of such unsaturated groups per molecule. 

i SOla ir,i e fr n 0 r!! , ? h 0UndS 3< f 3rdin9 tG th8 proC6SS of tne present invention ™V conveniently be 

isolated from the reaction mixture by known techniques, such extraction or distillation 

* P f erred gr ° u P f f compounds to be prepared by the process of the present invention are the full 
esters of pentaerythnto and especially those esters wherein the hydrocarby.carbonyl groups contain 3-19 

ShS ££L H \ T ^ Va ' Uable Pr ° dUCtS f0f US9 35 lubrican,s ' — ™* P.as«cize s 

^n Jt T r T 3y 136 Pfepared by 016 Present process ma V **> used as precursors for the 
preparation of e.g. fine chemicals. 

so provL h e^! nVenti ° n ^ fUrth6r mUStrated ^ ^ f0,,OWin9 6Xamp,eS f ° r Which the ,0,,owin 9 information is - 
Abbreviations: Pd(OAc>2 Palladium acetate 

PTSA paratoluenesulphonic acid 
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Phosphine Type A 
» » , , B 



Anion source 



C 
D 
I 



Triphenylphosphine 

Tris (p-chlorophenyl)phosphine 

Tris(m-chlorophenyl)phosphine 

Phenyl- bis(sodium m- sulphonatophenyl) phosphine 
Sodium 4-octadecyl-p-xylenesulphonate 



w 



11 ' P ~ C 12-15 alk y 1 -P- x ylenesulphonic acid 
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Examples 1-8 

evacuated therefrom, whLupo 60 Zof^TL^? *? M " W * S C '° Sed ^ «*> * 
the reactor contents to 110 Z Z^n^Z^ SSJS ^T"™* ? ^ 
time, the reactor contents were ronton t« on .X ,0 * CTOr contents at 110 C for the required period of 

chromatography tolsSsh ^dro^nverSn ? n Z * ^ ° f hiQh P erf °"™<" *** 

acids having one more carbon atom th^ *1 T J P , T* 8 " p8ntaer y thritol Polyesters with carboxylic 
the producf is consLS by Z te^SerThai^^ " fT* " ^ % COnVerSi0 " 
containing tri, di- and monoesLs ar o^ taSed 5SSy2aSl C ° nVerSi ° n ^ 

also gives the relevant process details * 313 h3Ve been P resented ir > Table 1. which 

Comparative Experiments A-C 

reaction lime, as II only Meat™ lhai ,h. „™JI - . M interpreted as being (he required 

n» resells also ta e(tea M „„ pr#Mn(!s » . 
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Into a 250 ml stainless steel (Hastelloy C) autoclave were introduced 40 ml diethylene glycol dimethyl 
ether, 10 ml water, 0.1 mmol palladium acetate. 2 mmol paratoluenesulphonic acid, 4 mmol of phenyl-bis- 
sod.um 4-sulphonatophenyl)phosphine and 20 ml cyclopentene. Subsequently the reactor was closed and 
the air removed by pressuring/depressuring cycles with carbon monoxide, which was followed by carbon 
monoxide addition at a pressure of 40 bar and heating to 110 -C. After a reaction time of 5 h the reactor 
contents were cooled to room temperature (approx. 20 -C) and analyzed via gas liquid chromatography 
which showed an olefin conversion of 75 % to cyclopentane carboxylic acid with a selectivity of 100 %). 

Example 10 
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The procedure of Example 9 was repeated except that 4 mmol of sodium 4-octadecyl-p-xylenesul- 
phonate was also introduced into the reactor which resulted in an olefin conversion after 5 h reaction of 85 

%. 

s Comparative Experiment D 

The procedure of Example 9 was repeated with the exception that the sulphonate-containing phosphine 
was replaced with 5 mmol of triphenyl-phosphine. After 5 h the olefin conversion was < 5 %. 

io Claims 

1. A process for the carbonylation of an olefinically or acetylenically unsaturated compound with carbon 
monox.de m the presence of a nucleophilic compound having a removable hydrogen atom and a 
catalyst system comprising 

>s a) a source of palladium, 

b) a phosphine of general formula PR'RW. wherein R\ R* and R3 independently represent an 
optionally substituted alkyl, cycloalkyl. aryl or N-heterocyclic group, and 

c) a source of anions being the conjugated base of an acid having a pKa < 3 

characterized in that the reaction medium at least initially is a multi-phase liquid reaction medium, and 
20 that the catalyst system comprises a component b) or c) having an amphiphatic structure. 

2. A process as claimed in claim 1 , wherein the catalyst component having an amphiphatic structure is an 
anionic surfactant. 

25 a A process as claimed in claim 1 or 2, wherein the nucleophilic compound having a removable hydroaen 
atom is water, an alcohol or a carboxy lie acid. 

4. A process as claimed in any one or more of claims 1-3, wherein the anions have a hydrocarbyl moiety 
being free of olefinic and or acetylenic unsaturate and containing at least 10 carbon atoms. 



30 



5. A process as claimed in claim 4, wherein the anions are the conjugated bases of acids selected from 
the group consisting of sulphonic, phosphonic, phosphinic and carboxylic acids having a pKa < 3. 

6. A Process as claimed in claim 5, wherein the sulphonic acid is an alkylsulphonic acid or an 
35 aikaryisulphonic acid. 

7. A process as claimed in claim 6. wherein the aikaryisulphonic acid is a C 12 . 20 alkyl p-xylenesulphonic 

40 a an P acrd e promo2 imed " ^ °' Wherei " <he ° ata,ySt SyStem ,urther com P"** 

9 " WR^L^flT in °Z °L m0re , 0f C ' aimS 1 * Wherein the P^sphine of general formula 
Tk t ? 006 9r ° UP R • R ° f R Carryin9 a sub stituent selected from the group consisting 
« of sulphonic. phosphonic. phosphinic and carboxylic acid groups, or a salt thereof. consts ™9 

10 ' pho P s r phrne S 38 C ' aimed ° laim 9 ' Wherei " phOSphine is a triarylphosphine or an alkyl(diary.)- 

50 ^aZo" u'^Uhteof " 1 °' ^ SUbStitUe " tS " SU ' Ph0 " iC ^ 0f *° alka,i — 

12. A process as claimed in claim 11. wherein the substituent is a sodium sulphonate group. 

55 13. A catalyst composition based on 

a) a palladium compound, 

b) a phosphine of general formula PR'RW, wherein R\ R* and R3 independently represent an 
optoonally substituted alkyl. cycloalkyl. aryl or N-heterocyclic group, and 
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c) a source of anions having a hydrocarbyl moiety being free of olefinic and or acetytenic 
unsaturation and containing at least 10 carbon atoms, and being the conjugated base of an acid 
having a pKa < 3. 

14. A catalyst composition based on 

a) a palladium compound, 

b) a phosphine of general formula PR J R 2 R 3 , wherein R\ R* and R3 independently represent an 
optionally substituted alkyl, cycloalkyl, aryl or N-heterocyclic group, at least one of which carries a 
substituent selected from the group consisting of sulphonic, phosphonic, phosphinic and carboxylic 
acid groups, or a salt thereof, and 

c) a source of anions having a hydrocarbyl moiety being free of olefinic and or acetylenic 
unsaturation and containing at least 10 carbon atoms, and being the conjugated base of an acid 
having a pKa < 3. 

15. A catalyst composition as claimed in claim 13 or 14, further comprising an acid promoter. 
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